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57 ABSTRACT 
A light transmitting optical fiber having at least one 
coating layer of an ultraviolet curing resin on an outer 
surface of the fiber, in which the ultraviolet curing resin 
used in an outermost layer has a Young's modulus of at 
least 100 kg/mm2 and an elongation of at least 30%. 
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1. 

LIGHT TRANSMITTING GLASS FBER 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a light transmitting 

glass fiber used in a optical telecommunication. In par 
ticular, it relates to a thin layer-coated light transmitting 
glass fiber (an outer diameter of an coating: at most 200 
um). In the present invention, a coating resin of a resin 
coated optical fiber is improved. 

2. Description of Related Art 
Because a light transmitting glass fiber (optical glass 

fiber) has a poor mechanical property and a poor light 
transmitting property in a state of a drawn fiber, it has 
a coating layer such as a polymeric material on its cir 
cumference. 
As the polymeric material, an ultraviolet curing resin 

(hereinafter referred to as “UV resin') is generally used 
in view of the productivity. The coating generally has 
two-layer structure. An inner layer is a relatively soft 
buffer layer (the coating outer diameter: about 200 um, 
Young's modulus: about 0.1-0.2 kg/mm2) and an outer 
layer is a rigid protecting layer (the coating outer diam 
eter: about 250 um, Young's modulus: 30-100 kg/mm2). 

Recently, the higher density of a telecommunication 
cable is required for changing the cable to an optical 
fiber cable in a telephone network. 

In a tape slot cable which has the gathered plural tape 
glass fibers formed by parallel tying plural UV-resin 
coated optical fibers into a bundle and coating the bun 
dile with a common UV resin coating, the conventional 
coating outer diameter (about 250 un) cannot give the 
higher density. Accordingly, the thin coating (the outer 
diameter of the outermost layer: about at most 200 m) 
is developed. 

However, the thin layer-coated optical fiber (the 
outer diameter of the coating layer: at most 200 um) 
comprising a conventional UV resin (Young's modulus: 
30-100 kg/mm2) as the coating material of the outer 
most layer gives an extreme decrease of lateral pressure 
resistance because of the thin coating layer. 

Thus, in order to improve the lateral pressure resis 
tance in the thin layer-coated optical fiber (the outer 
diameter of the coating layer: at most 200 um), the UV 
resin of the outermost layer is intended to have a very 
high Young's modulus, whereby giving substantially 
the same lateral pressure resistance as the conventional 
coated optical fiber (the outer diameter of the coating 
layer: about 250 um) 
A term “lateral pressure property” herein means that 

a fine curvature arises to increase the light transmit 
tance loss of the fiber when an external pressure (lateral 
pressure) is applied to the fiber. The term "lateral pres 
sure resistance' means that the increase of the light 
transmittance loss is inhibited on the application of the 
lateral pressure. 

In the thin layer-coated optical fiber (the outer diam 
eter of the coating: at most 200 um) which has an outer 
most coating layer of a UV resin having a very high 
Young's modulus of at least 100 kg/mm2, the light 
transmitting property is deteriorated and the screening 
break strength decreases. 
The reason therefor seems to be that since the UV 

resin used for the outermost layer has a high Young's 
... modulus and a very low elongation (about 6%), 

(1) a scratch on the coating surface easily becomes a 
crack and the outermost layer buckles and gives 
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the ununiform distortion to the glass part so as to 
deteriorate the light transmitting property, and 

(2) the fiber easily breaks at the screening because of 
a growth of the crack. 

The term "screening' herein means a test which en 
Sures a minimum strength in longitudinal direction 
by applying a constant pulling force to a whole 
length of the fiber. 

The term "elongation” herein means a ratio in per 
centage of an elongated length to an original length 
until a sample breaks in a tensile test. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 

light transmitting glass fiber which has an excellent 
lateral pressure property, an excellent light transmitting 
property and improved screening strength. 

This and other objects of the present invention are 
achieved by a light transmitting glass fiber having at 
least one coating layer of an ultraviolet curing resin on 
an outer surface of the fiber, wherein the ultraviolet 
curing resin used for an outermost layer has a Young's 
modulus of at least 100 kg/mm2 and an elongation of at 
least 30%. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a graph showing a relationship between a 

lateral pressure property and a Young's modulus of a 
resin of an outermost layer. 
FIG. 2 is a graph showing a relationship between a 

light transmitting property and an elongation of a resin 
of an outermost layer. 
FIG. 3 shows the relationship between a light trans 

mitting property and a value of elongation (%) -- 
Young's modulus (kg/mm2) of a resin of an outermost 
layer. 

FIG. 4 is a cross-sectional view of a resin-coated 
optical fiber of the present invention. 

FIG. 5 is a schematic view of an apparatus for prepar 
ing a light transmitting fiber of the present invention. 
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DETALED DESCRIPTION OF THE 
INVENTION 

The Young's modulus of the outermost layer resin is 
preferably from 130 to 160 kg/mm2. The ultimate elon 
gation of the outermost layer resin is preferably from 30 
to 100%, more preferably from 40 to 60%. 

In the fiber of the present invention, a value of elon 
gation (%)/Young's modulus (kg/mm2) of the ultravio 
let curing resin used for the outermost layer is prefera 
bly at least 0.2, more preferably from 0.3 to 0.5. 
An outer diameter of the outermost layer is prefera 

bly at most 200 um, preferably from 180 to 200 um. 
The present invention is explained hereinafter with 

referring to attached drawings. 
The light transmitting glass fiber of the present inven 

tion basically has a plural-layer structure, preferably 
two-coating-layer structure in view of the thin coating, 
as shown in FIG. 4. A glass fiber 1 is coated with a 
buffer layer 2 and an outermost protecting layer 3 hav 
ing the property values defined in the present invention 
to form a light transmitting fiber 11. A diameter of the 
glass fiber 1 is usually from 100 to 150 um, preferably 
from 120 to 130 um, more preferably from 124 to 126 
um. A thickness of the buffer layer 2 is usually from 10 
to 30 jum. A thickness of the outermost layer 3 is usually 
from 10 to 30 pum. 
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An ultraviolet curing resin constituting the the outer 
most protecting coating layer 3 is not limited, insofar as 
it gives the high Young's modulus value and the high 
elongation value as defined above, after the curing. 
Preferable examples of the ultraviolet curing resin are 
an epoxy acrylate, a urethane acrylate and an ester 
acrylate, since these relatively easily give the high 
Young's modulus value and the high elongation value. 
Although the ultraviolet curing resin (usually in the 

form of oligomer) alone may be used, a photoinitiator 
and/or a polyfunctional monomer may be used together 
with the resin. 
The buffer layer may be the same resin as the ultravi 

olet curing resin of the outermost layer, or may be a 
relatively soft coating material such a silicone resin. 

If necessary, an additional layer, a material of which 
is the same as or different from the protecting layer 3 or 
the buffer layer 2, may be provided. 
The light transmitting glass fiber of the present inven 

tion can be prepared by a conventional optical fiber 
preparation apparatus shown in FIG. 5. A glass preform 
4 is drawn into a glass fiber 1 and the glass, fiber 1 is 
coated with resin layers to form a resin-coated light 
transmitting fiber 11. The apparatus has a) a drawing 
furnace 5, b) two resin coating units 6 and 6', c) two 
ultraviolet light irradiation units 9 and 9' equipped with 
an ultraviolet light irradiation lamp 7 (and 7), a tube 8 
(and 8) and a reflector 10 (and 10), and d) a wind-up 
machine 12. 
The outermost coating layer 3 acts to protect the 

glass fiber 1 from the external pressure. The higher the 
Young's modulus of the outermost coating layer 3 is, 
the higher the resistance to external pressure (lateral 
pressure) of the outermost coating layer 3 is. However, 
when outermost layer 3 has a low elongation property, 
the outermost layer has extremely low resistance to 
flexure and easily breaks. 
The low elongation property gives the ununiformity 

of the coating surface and gives the distortion to the 
glass so that the light transmitting property is deterio 
rated and the strength of the fiber decreases. Accord 
ingly, the resin of the outermost layer must have a high 
Young's modulus and a high elongation property. 

In the present invention, the relationship between the 
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4. 
which give good light transmitting property together 
with good lateral pressure resistance. 

In the fiber having thicker coating layer (the outer 
diameter of the coating: about 250 um), the effect of 
high Young's modulus of the outermost coating layer is 
low and the high Young's modulus is almost unneces 
sary since the coating layer is sufficiently thick. How 
ever, in the fiber having thin coating layer (the outer 
diameter of the coating: at most 200 um), the high 
Young's modulus value and the high elongation value 
defined in the present invention are necessary. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

The present invention will be illustrated by the fol 
lowing Examples which do not limit the present inven 
tion. 

EXAMPLES 1 to 8 

Using the optical fiber preparation apparatus shown 
in FIG. 5, the glass preform 4 was drawn in the drawing 
furnace 5 to prepare the glass fiber 1 (the diameter: 125 
um). The glass fiber 1 was passed through the resin 
coating units 6 and 6 to provide the ultraviolet curing 
resin coatings on the glassfiber 1. The ultraviolet curing 
resin coatings were cured by the ultraviolet light irradi 
ation units 9 and 9 to form the thin layer-coated optical 
fiber 11 shown in FIG. 4. 

In Examples 1-6, an ultraviolet curing urethane acry 
late resin having a Young's modulus of 0.10 kg/mm2 at 
a room temperature was used as the inner layer (buffer 
layer) 2 and the outer diameter of the inner layer 2 was 
150 um. 
Various ultraviolet curing urethane acrylate resins 

shown in Table which have different Young's modulus 
values and elongation values were used as the outer 
layer (protecting layer) 3 and the outer diameter of the 
outer layer was 180 um. 
A lateral pressure property and a light transmitting 

property were evaluated. The results are shown in Ta 
ble. 

Results for a conventional optical fiber having a thick 
coating layer (the outer diameter of the coating: 250 
pum) (Examples 7 and 8) are also shown in Table. 

TABLE 
Material of outer coating layer Lateral Light Screening break 

Outer Young's Elon- Elongation/ pressure transmitting strength 
Example diameter modulus gation Young's property property frequency 

No. (um) (kg/mm) (%) modulus Aa (dB) *1) (dB/km). *2) (number of times) *3) 
180 80 60 0.75 1.00 0.20 1. 

2 150 10 0.07 0.30 0.35 10 
3 t 80 15 0.19 1.00 0.25 5 
4. t 150 35 0.23 0.25 0.21 2 
5 f 80 25 0.14 0.20 0.30 8. 
6 120 35 0.29 0.30 0.21 1. 
7 250 80 60 0.75 0.20 0.20 0.5 
8 t 150 10 0.07 0.15 0.20 0.5 

Note: 
*1) Plate lateral pressure test: indicated by the increase of light transmittance loss; Aa (1.55 pm) at a loading of 50 kg. 
*2) Light transmitting property with the fiber winded on a bobbin (1.55um). 
3) Break number per 100 km in a 700g screening test. 

4) Young's modulus and elongation were determined according JIS method. 

light transmitting property and the Young's modulus of 
the outermost coating layer material and the relation 
ship between the light transmitting property and the 
elongation of the outermost coating layer material were 
studied. In the fiber having the thin coating (the outer 
diameter of the coating: at most 200 pum), we found the 
values of the Young's modulus and the elongation 

65 

FIG. 1 shows the relationship between the lateral 
pressure property and the Young's modulus of the 
coated optical fibers of Examples 1-6 shown in Table. 
FIG. 2 shows the relationship between the light 

transmitting property and the elongation. 
From the above results, it is clear that the fiber hav 

ing the thin coating layer can have almost the same 
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lateral pressure property as the fiber having the thick 
coating layer, when the resin of the outermost layer has 
the Young's modulus of at least 100 kg/mm2. 

In addition, it is clear that the fiber having the thin 
coating layer has almost the same light transmitting 
property and fiber strength as the fiber having the thick 
coating layer, when the resin of the outermost layer has 
the elongation of at least 30%. 

FIG. 3 shows the relationship between the light 
transmitting property and the value of elongation (%) 
-- Young's modulus (kg/mm2) of the outermost layer 
eS1, 

From this results, it is clear that the fiber having the 
thin coating layer can have almost the same light trans 
mitting property and fiber strength as the fiber having 
the thick coating layer, when the value of elongation 
(%) -- Young's modulus (kg/mm2) of the outermost 
layer resin is at least 0.2. 

In the above explanation, the fiber of the present 
invention has one inner layer and one outer layer. The 
fiber of the present invention may have at least one 
coating layer of the ultraviolet curing resin. For exam 
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6 
ple, the fiber of the present invention may have one 
coating layer or at least three coating layers. The outer 
most layer of the coating must have the defined Young's 
modulus and elongation values. 
The present invention can provide the optical fiber 

having the thin coating layer (outer diameter of the 
coating layer: at most 200 m) which has good light 
transmitting property and fiber strength and is very 
useful in a high density optical cable. 
What is claimed is: 
1. A light transmitting glass fiber having at least one 

coating layer of an ultraviolet curing resin on an outer 
surface of the fiber, wherein the ultraviolet curing resin 
used for an outermost layer has a Young's modulus of at 
least 100 kg/mm2 and an elongation of at least 30% and 
wherein said light transmitting glass fiber has an outer 
diameter of at most 200 um. 

2. The light transmitting glass fiber according to 
claim 1, wherein a value of elongation (%)/Young's 
modulus (kg/mm2) of the ultraviolet curing resin used 
for the outermost layer is at least 0.2. 

: : 


